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Abstract:  For the past five decades, LBNL has pioneered the clinical use of accelerated hadron
(proton and light-ion) beams for treatment of human cancer.  By now, seven proton therapy facilities
and two light-ion facilities have been constructed in hospitals, and many more are planned.  Based on
its excellent dose localization characteristics, protons compete well against the conventional gamma
ray and electron beam treatment; but, recent developments in “intensity modulation radiation
therapy” (IMRT) brought the efficacy of conventional radiation very close to that of protons.  Light
ions, such as carbon nuclei, possess additional biological advantages in treating human cancer over
protons or gamma rays.  Following the Heavy Ion Medical Accelerator in Chiba IHIMAC) built in the
‘90s, a new carbon-ion facility was commissioned in Hyogo, Japan in 2001, and another had its
ground breaking in Heidelberg, Germany.  The main drawback of a carbon-ion facility is its large
capital cost.

We propose constructing a next-generation hadron therapy facility based on a specially
developed superconducting cyclotron that would accelerate ions with charge-to-mass ratio of 1/2 (for
example, H2

1+ and C12
6+), with an ECR ion source, dynamic intensity control, and multiple extraction

ports of high extraction efficiency. The extracted beam intensity may be fully modulated by a factor
of 1000 within 50 µs, which would make the facility uniquely suitable for beam scanning for three-
dimensional conformal therapy delivery. The facility would provide selected light ions, such as fully
stripped carbon nuclei, with an energy per nucleon of 250 MeV. The facility may be upgraded to
boost the energy per nucleon to 350 MeV by adding superconducting cavities of a length of
approximately 9 m. The light ions will be used in clinic as well as in research; and when upgraded, it
would compare favorably against light-ion clinical facilities being developed around the world at a
much larger cost.
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